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The purpose of these studies is to dmtsrmirm the rcoe of activated
=, zxTxmqw~ in immuity to the blood stage of malaria. This is being

aommp1ished by ccopriMr the activity of mwzt~ap &zring lethal. and
nxi-letha1 mlaria infections and in milait -ltn anid rut-esist~anit
mice. We hawe found that peritmal macrohags frm both outbred arid
intz'sd mice Jinfeted with the non-lethal strains of E~M~Wy~liJ
prodcex higher lay-ils of hydrogmi peroxide than do nice infected with the
lethal strain of the sam parasite. In addition, spleen calls fruzn mice
infected with ncri-lethal p. yMJ hawe hidhr JAXDC levels than those frcm
a lethal infectior. Fburthher studies will determine the H~~202~u
of spleen calls in them modls, the nautre o~f the lyzm*xokibes producedf
and the ability of imuinxe sera frce each infectionz to wtince~
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'0The purpose of these studies is to determine the role of activated macrophages in

immunity to the blood stages of malaria. This is being accomplished by comparing the

activity of macrophages during lethal and non-lethal malaria infections and in malaria-

resistant and non-resistant mice. We have' found that peritoneal macrophages from both

outbred and inbred mice infected with the non-lethal strains of Plasmodium yoelii produre

higher levels of hydrogen peroxide than do mice infected with the lethal strain of the

A same parasite. In 3ddition, spleen cells from mice infected with non-lethal P. yoelii

have higher AE77t1\evels than those from a lethal infection. Further studies will det,.rmine
the/Ii 2 d0•response\,f spleen cells in these models, the nature of the lymphokines produced,

and the ability of 'Wune sera from each infection to enhance cytotoxicity. m, .. :
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Reserc•Proble

Recent evide fram cur laboratory indicates that lyqtbkines
(IX), which are produced by the spleen during rodent malaria
infections stimulate normal, resident macrcpiages to bind and irgest
and to kill intraerythrocytic malaria parasites jn vitro (1, 2).

7he killing of the intraerythrocytic parasites occurs across a
0.45 um nmbrane and apars to be mediated by H 202 secreted by
the macropages (2). Killing is enhane by a pfiagocytic stiumilus
to the activated macrophages (2). Human gamma-IFN (Genentech, Inc.)
can activate human mxor~yte-derived miacrcpaqes to kill P. falci
(3) and preliminary evidence suggests that LK obtained from
malaria-infected mice also coain gamma-IFN (Okerhase, C. F.,
Spitalny, G. and Shear, ,H.L., in preparation).

We hypothesize that the intraerythrocytic killing of malaria
parasites by macrcpages is an important effector rechanism in this
disease. The purpose of these studies is to determine whether this
is so by determining the role of macrckaxe-mediated
intraerythrocytic parasite killing in several An vivo models.

Much evidence is acctmulating to indicate that cell-mediated
immune responses are very important in the response to some species
of malaria (4) and may play an irportant part in the resistance of
vaccinated mice. However, the actual mechanisms whereby
cell-mediated responses protect against malaria are not known.

The overwhelming evidence supports the concept that activated
macrophages are involved in controlling several infections such as
Teis:mni• trci (5), Rickettsi' akari (6), and cruzi
(7); that they are cytotoxic to tumor cells (8), and finally that
they may be involved in vaccine-irduced immunity.

We have been studying macrcpage activation during rodent
malaria (9) and the effects of macrophaes activated with other
stimulants on malaria-infected erythrocytes (1). Briefly, we have
fcund that splemn cells of mice infected with BOG or malaria,
produced factors or lyriokines (LK) which stimulated normal mose
peritoneal macrophages for enhanced phaqocytosis of parasitized
erythrocytes (1) and for killing of parasitized erythrocytes (2).
We love also found that fresh monocytes or IU-stimulated,
mcnocte-derived macnphages were active in inhibiting theI multiplication of P. falcip (3). In both systems H020 seemed
to be the active mloecule. Killing was observed after -aisitized
_rJtnrroytes bcrd to morocytes and was associated with an oxidative
%i~at in the r,. After the interaction, the parasitized
-r/throcytes arpeArd to be dereerating ani looked like the
=._r•icusly described "crisis" fr's (10).



Our reslts confirm andi extend several othr findings.
Taliaferro and Caxuxm (24) ciueeved that upo wa~siticzi Of
immunity in mcakeys infected with malaria, ace iuft. 1 Uu.o.qi c

r parasites werto d~snrate within the ezy1=7ctm This find~ing
inp1ied that soluble mendiators might affect mlariul parasites. That
sucha imdiators mighit be useted by r -;) -Pai first suggested
by Allison and~ Clark (Ul). Mice treated with BK1 are protected
against anlaria andi the mednism suggeted wa that parasites are
killed by products of activated imcrql~aags. S~icii then, other
parasiticidal factors have also '~ shown to hame an effect an

~.U~~y~yI~r.malaria parasites, naiaely, t3 mczvsis factor
(12), interferon (12) rodi a lJ~pco1ysa tarid@-indzxm1 serum factor
(13).

The F that ~cyge radicals might affect mlaria parasites
was suggested by the cbeervations that injecticina of allocri (14) arid
t-butyl hydrcoercoide (15,16) into aim with 1.y~~J (14, 16) or
P. Mali ('15) ma~rkedly reuceus parasitenia. Van. ccuouns
generate reactive cwg initermediates and their activity can be
inhibited by iron-dtmlating agents such as desferoanin and
diethylthiocaabainate. It is well known that nalaria porasites are
sensiti~ve to acidant stress. Cultures of ~.~grown in
G-6-PD deficient ezythocta are irinbited und~er hig opge tension
(17). In adition, diluticna of H anlo as 1 0i 1OM are tC~ciC
top.l±and Im ± vi and DIn JW(18).

Early sbrdie of lanq~arne at al. (19) ind~icated that
incubationi of spee cells fromn infected vam*asy with parasitized
erythrocytes reucexd their ability to multiply.- later, Taveriw at al'.
(20) dinxm--wtrated the killing of r. 1Uby 09ellM of the

i qxrcte-==qp*wage ries. Data frE this sudyt~ also waggented that
fresh blood mmcytae or peritzirmal cells activated by incubtion
with lyir*h 41 calls of immunidzed mice wera effective than
normal Peritcual calls. OW -tixlies gz- that R202 prodched
upon~ an cncidative burst in mactivd~ m acrhaes, isB lethally
damaging to P. Mal~j and P. =gjor. Beaum these studies
3Lxggst an important protective nmcjaimm in malaria, we feel that
further sturlies in animal models to determine the In 2j relevance
of this mechianism are warranted.

;ft uill aprxondi this by tryingj to answe the followdin
questions:

1. Are there differences btweten lethal and rxxn-lethal rodent

nvm ±Pne"eiated kil ling?

b heailt o 3peicad ertrwl-5-dur f~



c) the ability of iu serue frcm each infection to enhance

2. a) Are there differenos between malaria-smieptible and
resistant mice in their ability to produxce mcrcpkaje-activatiuq 14K
or in the ability of their macrph*ages to respond to LK, secrete

b) Are there differences in the LpS n -responder mouse,
C3H/HJ and respnder mote, C3H/HeN, in the cou.se of malaria
ififecticz ard in the ability of their mscrophages to respcxd to
melarial IK or a aecond signal such as LPS and to kill parasites in

3. Is the active factor in the rodent malaria IK, gamma-IFN
or ano~ther cytokin?

Our first 'e'jective was to datermine whether there was a.
difference in the ability of macrcphas from mice infected with
lethal and non-lethal l voelii infection to prxouce
H1202, reduc. NB1 and mediate cytotcoicity.

1 . H1202 release studies.

t fra first series of experimets was parformed on female SW mice
6-10 weeks old. Animals ware infected with io,ooo infected
erythrocytes. At several time points, mice were sacrificed,. the
perit.nmal cavity ri•sed, and peritcaal calls assayed for H20
rele after trigjer-ing with M.

.Our results (Fig. '1) show that pvritanal macrophaes from
-mice infected with the r'o-leth-al strain begin to prckboa increased
level~s of H202 at ag'rcmcixately day 4 of infection. Peak amluntmi

-6-



delAas parasitesia declines. In contrast, arphgs -obtained
from mice infected with the lethal strain of p. yo2d did not show
an inreesm in H202 prodicticn until day 7.

Similar results were obtained in inbred mie. in Balb/c mice
which are sensitive to malaria infection, higter levels of vio
were produced by peritaneal m r*041gs fr mice infected wi~t
non-lethal P. yoel (0.98 u moles 10 macrophags on day 4

M'ered with 0.2 u soles on day 3 in the lethal Infection) (Fig.
2). Experiments are in progress to determine the response of more
resistant mice to lethal and non-lethal p. voelii.

2. Cytotcndcity StuLies.

Studies on the ability of macroprages from mice Infected with
lethal and non-lethal P. yMjj to kill intraezythrocytic parasites
have yielded interesting results.

Using an antibody-dependent cell radiated cytotcxdty assay
(ADOC) we determined the ability of spleen cells from SW mice

kfeced itheither lethal or non-lettal _P. yMjj to lyse
-r-labeled rase erythrocytes sensitized with IgG. Figure 3
osrpares ADCC in mice infected for 4 days with either the lethal or
the nm-lethal strain of 2. yolii, Significantly more lysis was
obtained with spleen cells from mice infected with the non-lethal
variant (Shear, H. L., in preparation). Tiis finding will be pursued
by determining H2 02 levels in splenic macrcphages during each of
these infections. We have recently found that the levels .f H202
produced by spleen cells during the lethal infection is much lower
than levels prvduced by peritoneal cells. Experiments are in
progres. to OCMare splenic cells during the ncn-lethal infection.

We also performed eoperiments to determine Whether parasitized
eythroc-ytes w•uld be lysed by ADOC. In several eqperirwnts, P.
Digb -infected eythocytes could rnot be lysed by activated
peritarmal or spuln macroooqs, even after preseuitizing the
infected cells with hyperinmune serim. In addition, P.
!JmLt-infected erhrrcytes, sensitized with either hyperimune
serum raised against P. gb_•a -infected erythrocyte raiknes or a
mooclonal antibody agairst a r. _cbe erythrocyte itmerrane
antigen (21) were also not lysed by activated mcroOwges. However,
whenp. .. g -infected erythrocytes "wre presensitized with rabbiW
anti-sxxm erythrocyte IgG, they were readily lysed.

3. '.Studies on C3HAWe and C-3/OaT micz.

We have oerved that the rxxrse of p. yoli nr-letlal
infection is ccnistantly slightly lowr in C31/VcJ (uS responders)
than in MH/HaJ (U)13 ncn-rP •rdr) male mice. Further, the
HO2 Ie-v__'a nrdu by the (-H/ct,, strain ame higher i•n the
m.ry pfas of infection in ptral-mLin•,ry stdes.

j!-
S•..i1



pisgosicrn and Cmcbmluio.

Our studies to date indicate that- are indeed differences
in the macrophage response to lethal and rn-lethal P. ymi
infections. In SW mice, peritoneal mac ages produce an earlier
and higher H2,. during the nrn-lethal infe tin than during the
lethal infectiZm. Studies are in progress to aonare the H202
respaie of splenic macrv•imges during infections.

The results obtaine in SW mice were then cnfired in Balb/c
mice which is sensitive to malaria infecti ns. Peritoneal
macrophages from ntice infected .with the no-lethal strain of P.
voel produced higher levels of H202 than Balb/c mice infected
with the lethal strain. These experiments are also being carried out
in the more resistant CBA mice.

Another difference found between let1 al and ron-lethal
infections was the ADCC (antibody-dependen cell-mediated
cytotoxicity) levels of spletn cells dunin gfiC!eteal.•nfetin. Tisfifinna •vaso reflect•
2z m eCCl. E per 9 will be performed

to are H2 02 release fram spleen cells uring lethal and
non-lethal in•fetians.

Experiments in C3H/OCJ and C3H/HeJ skowed small but consistant
differenc in cause of infection. Prelimary studies indiate that
theýrv is also a difference in HO2 release If further
experiments confirm this findin4 " will supq.rt the data suggested
that higher H202 release is associated wit a less virulent
infection.

SRecgcmer~ations.

Durinrr the cming year we plan to ar lyze the lypihokine (UK)
produced durirx lethal and. non-lethal infections and in malaria
resistant and sensitive mice. We have obtained the R4 h)ybridama line
which produces antibody against mouse gam -interferon and
reccrbimnant mouse garyra interferon for use as a standard. We areUL a ptinq to develco an assay for gamma IN' in IX and serum usirng
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Fig. 1. 4)'released by peritawal mcomm from SW mice
&wrin leth~al 9nd zxx-letha1 P. infcinfe . Points rqeset
tlh Men of 3 mice. 0-- lethal, a0.-- -- o.rn-lethal, 0-.--. 0

Fig. 2. HO, relesed by peritmeal macrahp frMA Balb/c
nice d=IMlethal mcrcpihes mfrm Balb/c mice du rir lethal and
xrw-lethal . yo±± infections. Points reremnt the mean of 3

mice. #- lethal, ao- -e non-lethal, = .... o control.

rig. 3. AXDC In lethal and ui-lethal. pS Vl0 -. SPlean cell
MISweira e assaye for ADO= 'a -labeled me EIgG.

Target cells I re r em to 5 x 10 /ml and effector cells to
the indicate effector:target ratio. Data reremnts the mean + S.D.
of triplicate wells.
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